
r A0-A053 420 GENERAL ELECTRIC CO ALBUQUERQUE N MU TEMPO - F/G 15/3 ~~~ 
-TI

Pt$OTOGRAIICRY Off THE PARTICLE TRAJECTORIES ON DIPOLE WEST SHOT——ETC (U) ‘N
OCT 77 .3 M DEWEY. D .3 MCMILLIN . 0 TRILL DNAOOI—77—C— 0305

UNCLASSIFIED DNA—U326F—2 NL.

_ _  

Ninn 
_ _ _nun_ 
_
_ _1 ~i1flflflfc!!



I~~342
O I.. 1111128 2.5

I. L

I I
• lIlII~

8

11111’ • 25 IIIII~•~ llIH~
•o

MIL F~Ou ~ R~SOLUI (~N 1~ S1 ~ HAR 1

~~~ AU . \ , A ’ . l ,



‘4 3 o b/ 6 5

DNA 4326F 2

PHOTOGRAMMETRY OF THE PARTICLE

~ TRAJECTORIES ON DIPOLE WEST

~ SHOTS 8, 9, 10 AND ,11

~~ Volume 11—Shot 9

University of V i c to r i a
British Columbia
Cana da V8W 2Y2

)

October1977

Final Report for Period 15 May 1977—.-30 September 1977

CONTRACT No. DNA OO1-77-C-0305

C-). _______
• 

/ 
. APPROVED FOR PUBLIC RELEASE;

— 
DISTRIBUTION UNLIMITED.

2
C3

THIS WORK SPONSORED BY THE DEFE NSE NUCLEAR AGENCY
• UNDER RDT&E RMSS CODE B342077464 N99QAXAA11114 H2590D.

D D C
Pr e pared for

Director 1W MAY 2 1978 1 i
DEFENSE NUCLEAR AGENCY
W ashington, D. C. 20305 B

L _  
_



Destroy this report when it is no longer
needed. Do not return to sender.

• 0 N~~



-~~ -

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dora Entered)

REPn°T flflC1I~ Ek1TATI~~ PAC E R E A D  INST RU CTI ONS
S.’ I IS.~ BEFORE COMPLETING FORM

1. R EPORT N U M B E R  2. GOVT ACCESSION NO. 3. R E C I P I E N T S  C A T A L O G  N U M B E R

DNA 4326F-21’ __________________________
& T b Itful .. .

• ~HOTO GRAMMETRY OF THE ~ARTICLE Final Xep~?t~ for ‘r~~41od
~

— TRAJECTORIES OF DIPOLE ~WEST SHOTS 8, IS May ~~ —3Ø Sep 77
~~, 

10, AND 11. 6. ~~~~~~~~~~~~~~~~~~ n~~~~ j t5 ’ NUM I R

Volume 1I,,~Shot 9 , ________________________
7. AIJTHCt ~~~~~~~~~~~~ 8. C O N T R A C T  OR G R A N T  NUMBER(S)

~ J. M. Dewey~~~~~ - ..•-—-•
~~~~~~~~~ —•

~
L_ ” 

~:l;
Muh1

~~~j E9 P  R F O R M I N G O R G A .~~I,j& N NAM AND A D D R E S S  It P RO G R A M  ELEMENT . PROJECT , TASK
A R E A  & WOR K UNIT NUMBERS

Univ ersity of \ictoria’
British Columbia — ~~~~ .Subtask 

/ ~ / L / ~ .J L
Canada V8W 2Y2 N99QAxAA111-l4 —

II . CONTROLLING OFFICE N A M E  AND ADDRESS .. ~ REPORT DP~L~General  E l e c t r i c  Company—TEMPO / . ~~~~~~~~~~~~~ 17800 Marb le  Avenue , NE , Sui te  5 ~~~ t 3 . ~~ fl~~~~5 F H p~~~~~~~~~~~ ‘ “ I  —

Albuquerque , New Mexico 87110 114 
-

14 M O N I T O R IN 3  A O E N C Y  NAME A AD DRESS(if  , i i I feren t from ConIro1Iinj~ Off ~ee) 5. S E C U R I T Y  CLASS (o7’71,,.s r~,.... -.j

Director
Defense Nuclear Agency UNCLA SS I F I E D
lcash ing ton  D . C .  20305 I5~ • D E C L A S S I F I C A T I O N  DOWNGRAD ING

SCHEDULE

16 . D I S T R I B U T I O N  S T A T E M E N T  ‘ 1  t h i s  Report)

Approved fo r  pub l i c  r e l e a se ;  d i s t r i b u t i o n  u n l i m i t e d .

17 . D ISTRIBUTION S r A T E M E N T  v ol the abs t rac t  enlered in Blo c k 20 , if dif ferent from Report)

18. S U P P L E M E N T A R Y  NOTES

This work sponsored by the Defense Nuclear Agency under RDT~E
RMSS Code B342077464 N99QAXAA 11114 H2590D.

IS K EY  WOROS (Gor ,trr,u,  on r e v e r e s i de  i f  n e c e s s a r y  and i d e n t i f y  by block number )

Photogrammetric Analysis
P a r t i c l e  T r a j e c t o r i e s
A i r  P a r t i c l e  Tracers
S i m u l t a n e o u s  D e t o n a t i o n s
M u l t i b u r s t  D e t o n a t i o n s  • ‘‘  

. . 
• ‘ 

-

20 A B S T R A C T  (C o t i rso  on re rc r s ,  si,Ic If necessary  and idenl,Is ks block number)

Volume 2 of this report describes the photogrammetry and analysis
of the particle trajectories in blast waves produced by the’ simul-
taneous detonation of two spherical 1080-lb ‘-(~49l-kg)’5 Pentolite
charges , (Dipole West Shot 9). tOne of th~ charged was positioned
at a heig ht of’lS ft ‘(4.6 rn)’ above smooth ground and the. second
charge ’ 30 ft ‘(9.2 m)~ above the first. Photogrammetric kl measure-
ments were made of the trajectories of air particle flow tracers
(smoke puffs) ,~wh ich h ad been p laced in a ver ti ca l grid at hei gh ts ‘(

~~
.‘ ;

DD ~~~ 1473,~ EDITION OF I N O V  65 15 O B S O L E T E  
UNCLA SSIFIED

SECURITY  C L A S S I F I C A T I O N  OF THIS P A G E  (li~,r~ fate A~nreredI

LI H



U N C L A S S I F I E D
SECU RIFY CLASSIFICATION OF 11415 PAGE(Wh.n D.ga Entar.d)

20. ABSTRACT (Con t inu ed)

~‘—~ ranging from 3 ~t-4~~..-9-2 .n~
’ to 58 ft ‘(•l7—7-~m)7a~ ove the g round and

at radial distances ranging from 25C1-t. (7-~~_m .)-to 85 ft (‘-2-&69~..m3~
_’

• from the vertical axis through the charges . From the’mea sur ed
particle trajectories , calculations were made of the particle
ve loc i t i e s , d e n s i t i e s , hydrostatic overpressures , and dynamic
pressures  throug hout the b l a s t  wave , at t imes  r ang ing  from 3 ins
to 60 ins a f t e r  detonat ion~ o —the- ’eharges ;’ -~ The shock f ron t  times-
of-arrival were also determined from the photogramme~trical mea-surements for the primary ‘

~ oc from each ~ô~f the two’ charge~ ; for
the Mach stems produced above and below the interaction plane
midway between the two charges; and for the Mach stem produced at

~~- ~he~ ground surf ace. ‘~FToin the shock front times-of-arriva l., ca1-~~-
~~~~~ culat ions were made of the-’shock velocities1 âind, in.-.tu~~ -,— t h ~Q—-~peak particle velocities , a ir dens it ie s and hy drostatic over-

pressures immediately behind each shock~~ Calculations were also
made of the variation with time of the particle velocity , density,
hy drostatic overpressure and dynamic pressure at several fixed
points. o~1~esults 3 are’ presented both graphically a~d in tables ,
~~d~are compared to results ~reviou .s1y calculated for the same
experiment using shock front photogrammetry and refractive image
an a l y s i s .  ~The a n a l y t i c a l  procedures  used were similar to those
used for  D 1~pole West Shot 10 , which  were descr ibed in Volume I
(Dewey , et \al , 1977).

ACCESSION ~v

NTIS • ‘ ,.

DOC - • ‘

w~ NNCt;~c
JUSTIFlC~. r ‘ ;

BY .. . - -

MSI~B~Ji~i 
fl

.
’
.

Dist. MA L. 
‘

. •

gHl
UNCLASSI FlED

S E C U R I T Y  C L A S S I F I C A T I O N  OF THIS PAG E(W k en Data Entered) 

- - - -~~~~—-.~
,--— ‘ ‘,‘-~~~~~~~- 

.•.,



-

SUMMARY

Owing to the quantity of material to be presented , this

report is divided into several volumes. Volume 1 introduced the

series and presented and discussed the results for Shot 10.

Volume 2 presents and discusses the results for Shot 9.

Subsequent volumes will present and discuss the results for

Shots 8 and 11. The method of analysis is common to all four

experiments and is described in detail in Volume 1 only .

So that the results from the four experiments may be

easily compared , they have been scaled to remove the effects

of varying atmospheric conditions . (Results are scaled to a

1 kg charge weight and a standard atmosphere of dry air at

15°C at sea level.) For the most part , only scaled results

are presented . Exceptions include some derived pressure—time

histories , which may be compared to actual gauge measurements

• made in the experiment.

• Results are presented in SI units , even though the experi-

ments were originally laid out in British units . Only distance

and time measurements are affected , however , as velocity

• • density , and pressure results are presented as dimensionless

ratios. A distance units conversion scale is included on page 3

to convert between SI units (meters scaled to a 1 kg charge)

and British units (feet scaled to a 1 lb charge) , plus a time

scale factor and scale factors to convert pressure ratios

to both British and SI pressure units . Scale 
factors1
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which may be used to compute the distance and time values

actually observed under the ambient conditions of each shot

are also provided. Dimensional pressure units are used for

the results presented at gauge locations.
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CHAPTER 1, SHOT 9 ANALYSIS

1.1 Introduction

This is the second volume in a series which presents the

particle trajectory analysis results from four experiments

(Dipole West Shots 8, 9, 10 and 11) carried out to obtain

information on the interaction of spherical blast waves with

real and idealreflecting surfaces. A general description of

the project  can be found in Volume 1. The results presented

in this vo lume are for Shot 9 , in which the same charge

configuration was used as in Shot 10 (reported in volume 1)

bu t which was carried out over a smoother ground sur face . In

each experiment, photog rammetrical studies were made of the

shock f rcnts (re f rac t ive  image analysis , RIA) , and of the

motions of smoke p u f f  particle tracers (par t ic le  t ra jec tory

analysis , PTA) . The refractive image analysis results were

reported by Dewey et a l .  ( 1975)  and results of the particle

trajectory analysis are presented in this report. The method

of part icle t ra jectory analysis , common to all fo ur shots is

described in detail in Volume 1 only.

1.2 Description of Shot 9

Dipole West Shot 9 was fired on October 22nd , 1973 by

the Ballistics Research Laboratories at the Defence Research

Establ~ shment Suffield , in Alberta , Canada . Two 1080 lb

9
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(491 kg) spheres of Pentolite were detonated simultaneously,

to within 5 microseconds , at nominal charge heights of 15 and

45ft (4.6 and l3.7m) over a relatively smooth ground surface.

Particle trajectory data were gathered by photographing

the movement of smoke puffs formed in a vertical plane running

out from ground zero at 6.7° south of west. A WF5 camera

operating at about 3400 frames per second was positioned

3Oft (9.2m) above ground level at a position 600ft (183m)

due south of ground zero (GZ), the point on the ground vertically

beneath the charges.

Table 1 gives the field survey data for the event , and

Figure 1 shows a plan view of the layout . The dashed line

represents the approximate line of sight of the WF5 camera .

Figure 2 shows the field of view of this camera.

The smoke puff grid was made up of 9 columns of 12 puffs

each, hung vertically on strings. The vertical spacing of

puffs was 5ft, beginning 3ft above ground level and ending

at a height of 58ft. The horizontal spacing of the columns

• of puffs was 10, 7 or 5ft, depending on the distance from

ground zero, beginning at about 25ft and ending at about 85ft

frcm GZ. Of the possible 108 smoke puffs , 106 detonated

successfully. A good film record was obtained , except that

the detonation zero timing mark was not recorded , which means

that the results cannot be related to the detonation pulse

to the charges with an accuracy better than ±0.15 ms.

10



This report describes the analysis of the smoke puff

data collected for Shot 9, and presents and discusses some

of the results of that analysis.

1.3 Camera calibration and data reduction

The calculated camera position coordinates and orien-

tation angles for Shot 9 are presented in Table 2, together

with the positions of photomarkers transformed from one frame

of the film just before detonation to an object plane defined

as passing through ground zero and being normal to the camera

orientation axis. The differences (“shifts”) between the

object plane positions of the transformed calibration points

and their positions computed from the field survey data are

given in Table 2. The object plane positions of the calibra-

tion points computed in these two ways are also shown in

Figure 3.

The camera calibration procedure , described in detail

• in Volume 1, ensured that selected photomarker images (P1 to

P5) transformed to the object plane in a way which matched

them exactly to the positions computed using the survey data .

These reference photomarkers for Shot 9 are indicated in

Figure 3 using large circles: namely, P1 = Wl , P2 = W3 ,

and P3 = 300W2. The separation distance between P4 = P3

300 WZ and P5 = W2 was also used as a calibration parameter .

• The probable reasons fcr the shifts seen for photomarkers VP1A

11
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and VP1B was discussed in Volume 1.

The image positions of two reference photomarkers

(VP3B and 300W2) and all smoke puffs were measured frame-by-

frame over a time interval corresponding to the approximate

duration of the positive phase of the blast waves (film frames

9 to 200), and were transformed to distances in the object

plane by matching the reference marker positions to their

positions transformed from the calibration frame . These data

were again transformed from the object plane to the smoke

puff plane which was assumed to pass through “corrected”

ground zero; to be vertical, and to run 6.7° south of west

from GZ.

The x-y coordinate system in the smoke puff plane

was the same for Shot 9 as for Shot 10 except that the corrected

value for ground zero was displaced 1.0 ft from the surveyed

ground zero, in a direction approximately 46° south of east.

The corrected ground zero was defined to have the same

elevation as the surveyed ground zero , but was located directly

under the midway point between the two charge centers . As

for Shot 10, all data in the output plane are plotted with

the x coordinate reflected , i.e. with positive values of x

to the right hand side , as if the smoke grid had run to the

right of the charges rather than to the left as seen in the

film images.

A time was assigned to each film frame using the 1 ms

timing marks placed on the film during its exposure. The

film timing method was described in Volume 1, and the complete

12
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set of film timing data used for Shot 9 is provided in

Table 3. In the absence of a zero time pulse on the film ,

zero time was determined using the static zero calibration

distance for the camera plus one—half a frame length. Because

the static zero distance is at most a frame length less than

the actual zero distance measured from any moving film , the

error in frame times can be at most one—half frame (about

0.15 ms) .

Figure 4 shows the positions of the 106 detonated smoke

puffs at a time prior to ~he detonation of the two charges.

These positions are in the plane of the charges and the

smoke puff grid , as described above. The smoke puff plane

was not exactly parallel to the camera image and object

planes (Figures 2 and 3), and various geometrical corrections

were applied to make the transformation between them . The

puffs enclosed in parentheses were not visible in the earlier

film frames, but were seen later when they were illuminated

by the light of the f i reba l l .  Charge positions in the f igures

are plotted as if they were positioned exactly above the

corrected ground zero origin. The data shown in Figure 4

have not been scaled .

1.4 Data scaling and t rajectory f i t t i n g

The position-time histories of individual smoke puffs were

extracted from the frame-by-frame positions of the smoke

puff grid , and then scaled to standard atmospheric conditions

13 
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and charge weight. A change to SI units was made at this

point in the analysis. The resulting trajectories were

edited , and then smoothed by fitting polynomial functions.

Particle trajectory data were scaled by dividing all

distances by Sachs scaling factor S = V (WP0)/(W0P) and

multiplying all times by the factor C/(C0S) , where C is

the ambient sound speed computed for Shot 9. Data used to

compute C and S, and define the scaled event, are listed

below with the computed values of C and S.

Ambient temperature , T 14.17 °C (57.5 °F)

Ambient pressure , P 93.02 kPa (13.491 PSI)

Relative humidity, RH 55.0%

Computed vapour pressure , VP 0.89 kpa (6.7 mm Hg)

Ambient sound speed , C = 340.469 rn/s (1117 ft/s)

Charge weight, W 489.9 kg (1080 lbs)

Sachs scaling factor, S 8.1111

Standard charge weight , W0 = 1.0 kg (2.2 lbs)

Standard pressure, P0 = 101.325 kpa (14.7 PSI)

Standard temperature T0 = 15 °C (59 °F)

Standard sound speed , C0 = 340.292 rn/s (1116 ft/s)
(dry air)

14
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The results presented in this report therefore apply

to a scaled event which is the detonation of two 1 kg charges

in a standard atmosphere. The scaled heights of burst for

Shot 9 were 0.571 in and 1.707 in, and the charge separation

divided by two, scaled , ~las 0.568 m . These figures may be

compared to the scaled charge height and half-separation

distances for Shot 10 which were 0.563and0.575 m respectively .

Figure 5 shows the scaled particle trajectory data for

Shot 9 in the smoke puff plane with positions measured horizontally

and vertically from corrected ground zero. Approximately

9350 puff positions are represented . As represented , the raw

• trajectory data have not been smoothed .

The raw particle trajectory data were edited to remove

obvious data proce~~ ing errors , such as a single point

widely displaced from its trajectory for one or two frames .

The trajectory of each puff in turn was then smoothed by

least squares fitting simple polynomial expressions separately

to both the x and y coordinate data , these being discrete

functions of frame time. The adequacy of each fit was

determined by examining on the same graphical output , plots

of both the raw trajectory data and the fitted curve . For

Shot 9 this meant examining and adjusting 212 such plots , at

least two or three times each .

L . • . ~~~~~~~~~~~~~~~~ . .~~~ ~~~~~~~~~~~~~~~~~~



For a given puff , the first step in fitting the raw

trajectory data was to set the time of arrival of the shock

front first hitting the puff. The data at subsequent times

were fitted with polynomial functions , as described in

Volume 1, paragraph 2.5. The first derivatives of the fitted

functions werL also calculated at a series of times for use

in later calculations of particle velocity .

1.5 Regionalization and shock strength calculations

Five regions were defined in the smoke puff plane on

the basis of the shock front which first struck the puffs in

a part icular region. These are shown in Figure 6.  The

regions were bounded by the triple point t rajectories  measured

using re f rac t ive  image analys is  (Dewey et a l . ,  1 9 7 5) .  Regions

1 and 2 are those in which the smoke puffs were first hit by

a spherical pri mary shock f ron t , and reg ions 3 , 4 , and 5

are those in which the puffs were first hit by a Mach stem .

In each of the five regions , the shock trajectory data

obtained from the first movement of the smoke puffs were fitted

• to a function of the form

r(t)=A+Bt+C log (1 + t)

where r is the shock radius , t is the time after detonation ,

and A , B, and C are the fitted coefficients. The shock

velocities were calculated by differentiating this function .

16
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The peak particle velocity, V~ , peak densi ty , D5 , and peak

hydrostatic overpressure , P
5 , a s func t ions  of shock radius

in each of the f i ve regions , were calculated from the shock

velocity using extensions of the Rankine-Hugoniot equation .

Details of the shock radius calculations etc . are described

in Volume 1, paragraph 2.6.

1.6 Particle velocity calculations

Particle velocities were computed using the methods

described in Volume 1, paragraph 2.7.

1.7 Density and hydrostatic overpressure calcula t ions

Densities and hydrostatic overpressures in the smoke puff

plane were calculated by the method described in Volume 1,

paragraph 2.8. Results in both cases represent average

values over cells defined by four adjacent smoke puffs.

1.8 Surface representation

Surfdces were fitted to the times of shock front arrival

and to the f ields of particle velocity , density and hydrostatic

overpressure at a sequence of times. All data were interpolated

onto a common regular Euleurian grid. Fields of dynamic

pressure were computed from surface-interpolated particle

velocity and density resul ts .  Contour plots were generated for

all surfaces at selected times , and time histories computed at

several fixed locations. The methods used were identical to

those described for Shot 10 in Volume 1, Chapter 3.
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CHAPTER 2. SHOT 9 RESULTS

2.1 Times of shock front arrival

The measured initial puff positions , the times of first

shock arrival , and the peak particle velocities obtained by

differentiating the functions fitted to the particle

trajectories are presented in Table 4. Puff position is

given relative to corrected ground zero as orig in wi th

horizontal and vertical axes. Puff position and the time

of arrival of the first shock are given both as observed and

scaled . Particle velocities listed are derivatives of the

fitted puff trajectories at the times of shock arrival , and

are expressed in Mach units. Expressed this way, the particle

velocities are the same scaled as unsealed . Also listed are

the initial radial puff positions (scaled) and region codes.

Shock front data determined from the first movement of

the smoke puffs , i.e. calculated from the time-of—arrival

data in Table 4, are listed in Tables 5.1 - 5.5. Each

table corresponds to one of the 5 regions used. Listed are

the observed and fitted unsealed shock trajectory data , the

scaled fitted shock trajectory data , and the computed shock

velocities and peak parameters associated with shock

strength: ~‘eak hydrostatic overpressure in atmospheres and

in kilopascals , peak particle velocities in Mach units , and

18
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peak density ratios. Given as ratios , these peak parameters

are the same scaled as unscaled . Pressure given in kilo—

pascals in the tables refers to the unsealed (observed ) case

only.

The shock front radius versus time data derived using

part icle t ra jec tory  analysis (PTA ) are also shown in Figures

7.1 - 7.3 for the two primary fronts, the two Mach stems at

the interaction plane , and the ground Mach stem , respectively .

They are compared to corresponding data derived from refractive

image analysis (RIA) reported by Dewey et al (1975). The

refractive image analysis results were obtained using photo-

grammet ry  aga ins t  a s t r iped canvas backdrop and they describe

the shock as it travelled in a direction almost diametrically

opposite to the direction of the smoke puff grid.

2.2 Shock strengths

Peak particle velocities calculated from shock front

velocities are shown in Figure 8.1 - 8.3 for the primary

fronts , interaction Mach stems, and the ground Mach stem .

This method of determining peak particle velocities has

been labelled method 1, and the data plotted correspond to

those listed in Tables 5.1 - 5.5. The results in the figures

are compared with those previously obtained using refractive

image analysis (RIA). In the case of the primary shock fronts ,

results are also compared to those of Brode (1957) for TNT.

I ~. )
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In Volume 1 other  methods of de t e rmin ing  shock s t r e n g t h s

in the various regions were described. It was demonstrated

that method 1 was clearly the most accurate , and in the present

volume shock strengths calculated using methods 2 and 3 are

not reported. For this reason Figu res 9 , 10 and 11 and

Table 6 do not appear in this volume .

2 . 3  Par t ic le  veloci ty f ie lds

The calculated particle velocities in the plane of the

smoke puffs are shown as vectors in Figures 12 .1 through 12 .7 ,

for  various times af ter the detona tion . A ll times and

positions are scaled to a 1 kg cha rge in a stand ard a tmospher e .

The particle velocity vectors represent the derivatives of

the smoo thed par ticle t r a j ec to r i e s, and their magnitudes

may be judged using the standard vector shown on each figure .

All veloci tes are measured in Mach uni ts , rel at ive to the

standard sound speed . P u f f s  not yet struck by a shock wave

are represented by small circles (zero velocity )

Numer ica l  da ta correspondin g to Fi gures  12 .1 — 12.7

are lis ted in Tables 7.1 thro ugh 7 .6 , along wi th scaled

radial posi tions of the pu f f s , and region codes as de f i ned

in Figure 6 . Convers ion fac tors are g iven at the foot of each

table , which  may he used to conve rt the scal ed da ta  in the

tables a nd f i gures  back to thei r  or igi na l  unsca 1c c~ va l ue s .

20
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2 . 4  Densi ty and hydrostatic overpressure f ie lds

Calculated average rela tive densit ies th roughou t the smoke

p u f f  plane are dep icted graphically in Figures 13 .1 — 13. 4, for

various times after the detonation. All time values are

scaled. Cell positions are scaled and are given relative

to the corrected ground zero as or igin with  hor izontal  and

vertical axes. The calculated densities may be judged using

the density shading scale shown on each f igure . Density

is given as a ratio , relative to ambient density . Cells

not yet struck by a shock wave and cells in whi ch the densi ty

has dropped to a value less than ambient densi ty  are shown

blank.

Corresponding numerical data are listed in Tables 8.1 -

8.3 along with radial cell positions computed according to

the regions def ined previously.  Numer ical da ta descr ibing the

f ie lds  of hydrostatic overpressure are similarly listed in

Tables 9.1 — 9 .3.  The pressure results for a given cell

were obtai ned by mul t ip lying the densi ty resul ts for tha t

cell by a factor  determi ned by the strenath of the shock

which first traversed the cell and which then remained constant ,

i.e. by assumincj isent:To-~ic f1o~’ af ter the first shock .

2.5 Times—of—arrival surface

Figure 14 shows a perspective view of the surface fitted

to the original smoke puff positions and the observed times

of first shock front arrival , i. e. , to the data listed in

21
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Table 4. The grid mesh s ize is 0.1 by 0.1 meters (scaled) ,

about 2.5 feet square (unscaled), or about ½ that of the

original smoke puff grid. The charge positions are indicated

on the vertical distance axis.

The times—of—arrival surface is smooth enough to permit

contouring , the contours in this case (isochr ones) representing

shock f ront  shapes at d i f f e r e n t  times , as shown in Figure 15,

but the surface is not smooth enough to permit the calculation

of gradient vectors which could be used to compute shock

velocity vectors and shock strengths over the new grid .

Two attempts were made to obtain contours of shock

strength. In the first , the times-of—arrival surface was

smoothed by least—squares fitting low-order , one-dimensional

polynomial functions to the time—of—arrival data along each

grid row and column separately,  and computing the derivatives

• of the f i t ted  functions to obtain the associated components

of the surface gradient vectors. Shock velocity vectors were

obtained from the time—of—arrival gradients, and from these

peak particle velocities were computed . The peak particle

velocity (shock strength) surface is shown in Figure 16.

The contours of this surface (not shown ) did not exhibit any

discontinuities across the boundaries of the shock front

reg ions , as they would if surfaces were fitted to the time of

arrival in each region separately . 

-~~— 
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The resul ts  of a second method used to compute shock

strength contours are shown in Figure 17. These were obtained

by interpolating shock radius at each value of peak part icle

velocity shown , for each shock f ront  region in turn , using

the peak particle velocity versus radius curves shown in

Figure 8. Arcs of circles with these radii , centered on the

appropriate points along the vertical charge axis , were then

drawn in the reg ions to represent shock s t rength  contours .

These peak value contours are discontinuous across triple point

locii and other region boundaries.  As a resul t, some hor izon tal

lines are crossed twice by the same c;ontour or , in other words ,

identical ~,1tuck strenqths can be found at two locations the

same vertical distance from a reflecting surface , but at

different radial distances from the vertical charge axis.

2.6 Field surface contours

Contours of equal par ticle velocity , density, hydro-

static overpressure, and dynam ic pressure in the bl ast

waves were determined for a series of times , using surf aces

f i t t ed  to the various measured da ta f ie lds  at those times.

Sample results are shown in Figures l8 through 21 at scaled

t imes of 2.5 ins and 4.0 ins. The shock fronts shown in

• 
- these figures are obtained from the time-of-arrival surface

(as were those in Figure 15) .  F ield contours such as those

shown can be drawn for any scaled time between 0 .5  ms and 7.0 ms. 

_ . - .•_ - _
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It should be re-stated that all of these resul ts  were obtained

f rom the photography of the smoke p u f f s  only and do not rely

on the results obtained using the re f rac t ive  image analysis

(De wey et a l . ,  1975) .

2.7 Time h i s to r ies

By mapp ing the physical properties of the blast waves

at short time intervals it was possible to determine the time

histories of these properties at any selected f i::ed position

within the smoke puff grid . This was done at 12 fixed

locations, three in the two pr imary regions and three in each

of the three Mach stem regions , as shown in Figure 2 2 . At

each distance from the axis of the charges in the Mach stem

regions , each of the time history stations is the same distance

from either the interact ion plane or the ground plane .  Pa rticle

velocity time histories could be interpolated closest to the

ground level because these were measured at p u f f  locations ,

whereas the density and pressure data were measured at cell

centers.

Time histories of particle velocity , dens ity ,  hydrostati c
- 

•
- and dynamic overpressure at these locations are given in

• Figures23 to 26. 
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Also plotted with the time histories are the interpolated

values of the time of arrival of the first shock front at the

stations. The height  of this t ime—of-ar r iva l  line represents

a peak value derived from the shock velocity analysis.

Time histories for hydrostatic and dynamic pressure are

also plotted in Figure 27.1 to 2 7 . 7  for  stations at the

nominal positions of field—mounted pressure gauges on the

“60  foot gun barrel” . The gauges on this gun barrel were

mounted at nominal elevations of 10, 15, 20 , 27 , 30 , 33 , and

40 feet. The time histories at these locations are given in

unscaled units in order to facilitate comparisons with the

gauge measurements.

The dynamic pressures plotted in f igures  2 6 and 27 are

maximum values, computed using both the x and y components of

particle velocity . Similar plots were made of the horizontal

components of dynamic pressure , but the d i f ferences  were not

significant since the y components of particle velocity at these

locations were small. Other locations could have been chosen

at which the y components would not have been insignificant .

2 5
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CHAPTER 3 , DISCUSSION

3.1 Particle trajectory analysis, Shot 9

The methods used to analyze the smoke puff trajectories

on Shot 9 were identical to those used for Shot 10 and

described in detail  in Volume 1 of this report. However ,

the results for Shot 10 clearly indicated the superiori ty

of one of several methods of analyzing shock strength , and

only the results of the superior method were reported for

Shot 9.

The rate of smoke puff failure was greater for Shot 9

than for Shot 10 (there were no failures for Shot 10), but

the incomple teness of the Shot 9 particle t ra jec tory  grid

did no t greatly in te r fe re  with the analysis  of the blast

wave within the smoke puff region. The extra interpolation

required for  Shot 9 , howeve r , wi l l  undoubtedly correspond

to some slight decrease in the accuracy of the calculated

blast parameters compared with those for Shot 10.

3.2 Primary shock strength of upper charge

The refractive image analysis of the shock fronts

described by Dewey et al , 1975 did not provide any i n fo rma t ion

about the primary spherical shocks from the upper charges , and

it was assumed that these charges had detonated satisfactorily .

This assumption has now been validated for Shot 9 by the

analysis of the particle trajectory time-of-arrival measurements .

_ _ _ _ _ _ _ _ _ _ _ _  
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In Figure 7.1 the shock radii are plotted versus time for

the upp er and lower char ges, and the two curves appear to be

i d e n t i c a l .  U n f o r t u n a t e l y ,  the r e l a t i v e l y  small  charge

separation in this experiment made it  imposs ib l e  to observe

the p r imary  shocks over a s u f f i c i e n t  d i s tance  to c a l c u l a t e

accura te ly  the v a r i a t i o n  of shock s t r e n g t h  w i t h  d i s t a n c e .

The l i m i t e d  r e s u l t s  which  were  o b t a i n e d  fo r  shock s t r e n g t h

versus  d i s t a n c e  are p l o t t e d  in Fi gure 8.1 , compared  to

Brode ’ s (1957) calculations.

3.3 Comparison of Mach shocks ove r different surfaces

The refractive image analysis (Dewey et al , 1975) has

show n wh at app ea r s to be a si gnificant difference be tween

the s t r e n g t h s  of the Mach shocks over  the smooth  ground

and benea th  the  i n t e r a c t i o n  plane be tween  the two c h a r g e s .

The r e s u l t s  of the p a r t i c l e  t r a j e c t o r y  anal ys is  g iven in

Fi gures 8.2 and 8 . 3  do not i n d i c a t e  the same difference.

However , in the RIA case measurements were made as close

as possible to the reflecting surfaces , O . 5 m  above the

ground plane and 0.2m below the interaction plane , where as

in the  PT1\ case the  r e s u l t s  r e p r e s e n t  an ave rage  of

measurements made at p u f f  p o s i t i o n s  w h i c h  were  no t  so c l o s e

to those  s u r f a c e s , at  h e i g h t s  r a n g ing b e t w e e n  1.0 and 4 . 5  in .

The r e s u l t s  shown in Fi gures  8 . 2  and 8 . 3  t h e r e f o r e  m e r e l y

i n d i c a t e  t h a t  the  d i f f e r e n c e  in shock  s t r e n g t h  over  the



gro und compared wi th  that  at the in teract ion p lane may be

depe ndent on the hei ght above the ground at which the

measurements are made - not an unexpected r e su l t .  De te rmina t ion

of Mach shock s trength from measurements made at various

heights is also made d i f f i c u l t  because an assumption must

be made about the exact shape of the Mach shock f ron t , in

order to correctly assi gn shock radius values to smoke

p u f f s  in the PTA case . At or near a re f lec t ing  sur face

the problem of shape is not so important. Details of the

problem in the PTA case and the manner in which the pro b lem

was dealt with for Shots 9 and 10 are described in Volume 1

of this report.

3 . 4  Resolut ion of t ime h is tor ies

The time histories of density and pressure shown

in Figures 24 and 25 do not always show a sharp rise at the

time of shock front arrival. This slow rising is no t a

real effect but one inherent to the method of particle

tra jec tory analys is, which does not permit a high

resolu tion of densi ty in space or in time . The finite spacing

of the smoke puffs does not permit the average density of

the air within a rectangular cell defined by four smoke

puffs to be calculated accurately until the shock has completely

traversed the cell. (The time of complete traversal may be

as much as 5 ms .)
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For the same reason the calculated time histories

often anticipate the time of shock front arrival or , in

other words , because a cell lies par t ly  in front of the

shock front during the time of traversal, the value of

average density calculated at a point ahead of the shock

may rise before the arrival of the shock . Also for

the above reason , time histories calculated by the par ticle

t r a jec tory  analysis method do not resolve any weaker

shocks subsequent to the first, although these shocks

may be detected occasionally in the calculated histories

as a rounded bump in the normally exponent ia l ly  decaying

curve . Efforts are being made to see if this resolution

can be improved.

The lack of resolut ion  close to the shock f r on t  does

not occur in the case of particle velocity, wh ich can be

measured with reasonable accuracy as soon as the shock

has traversed the relatively small space represented by an

ind iv idual smoke p u f f .  This e f f e c t  of imp roved resolut ion is

manifested also in the dynamic pressure histories since

although this parameter depends on measured density , it

also depends on particle velocity squared. The squared

term is able to exert  the gre ate r i n f l u ence.

In the subsequent volume of this repor t hyd rosta tic

overpressure and to tal head pressure h istories de term ined

from the particle trajectory analysis will be compared

29 
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directly with gauge measurements . The total head pressure

will be calculated from the dynamic pressure using

app ropriate compressibility corrections . Pressure impulse

curves will be included.

50 
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0.0 0 .5  1 . 0  1 . 5  2 . 0  2 .5  3 . 0  3 .5  11.0 4~~~5 5. 0  5 . 5  8.0  6 . 5  7 . 0

3. £ mi-i-re yi-ymr mem’rne ri-ri-rn rmlyn, mi-i-ri- mynyr ri-tyrm-ty mini- mnvmyei ‘tn-tin ri-me’re, ri-i-rn m i - r n  3. 5

— 3.0

2.5 -’— — — — - - — — — — — —  — 2.5

2 2 . 0 — — — — —  .a.! —
~~~~~.o

I— S
S

~ 1.0 — —— -—— _ ..._*;_...__ ...... — 1 .5
e

C—

1.1 —— —  — 1.0
z

t xü . -w = 2. 0 0. 0 ri (SCRI ED)
0.0 ~~~ ~~~~~~~ 444-~~4-~ ~~~1-44 L1444134 £4444.14 1114144-I 4-44114.4. 144,1134 4-44414 14.44441 .18UU& 1449444- 44-1344. 3.5
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 1.5 5.0 5.5 6.0 6.5 7.0

ri-i-nw mvnyrn n-nyu, ri-nm, mi-i-nil, mm-i- ni-en-in mm?e, run-re, mr-run ri-en-rn ri-en-er m u m  mm-Ten 3.5 

— 3.0

2.5  — 2. 5

~~ 2.1 — —2 .0S

S

~ 1.5 — 1.5

I-

; 1.C — h O
z

(X0. rt~) =  2.01 0. 0 ii 13CR EDJ
0. C 14144411 4144444. 4444441 44-44444 4444444 44441344 4444444 - 444414444 4-444414 4114141 1444413 4134441 

~ 5
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 18.5 5.0 5 .5  6.0 6.5  7.0

TIME SCALED (P19)

f i y , . ,~‘4 . 2  D I P O L E  W E S T / 9  D E N S I T Y
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- -~-- - -~ .r r r~~~~~~~ ....-----,- _ 
- 

-

11.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 ~.5 S.D 5.5 5.0 6.5 7.0g.r 111111T em-ni, ri-nm, n-ni-i-v mT,YIeTI ni-ni-in i-TT?TTI1 m m - r n  Ti-liTTi~ miTten-i reviwn ri-ten, inn,, en-nm 3.5

3.1  — 3.0

2.5  — 2.5

2 e.g 
~~~~~~~~~~~

I— 0~~•a

~~ h O—  — 1.5
S

S.

(Xe. 03= 2.5 1.~ 0 N (SOB ED) .•
0.0 4-MM~ 4444 4144444 

_
u~~~4 44444-4-1 44444 44414444 14444134 444-4-J~U~ ~4-U~4-44- 144-4449 141141488 444419 144448 3 5

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 11.5 5.0 5.5 6.0 6.5 7.0
3. f mere,,? ri-i-nm-n mi-rn mm-ri-en ri-nm, ui-me, mi-i-mn, rneynir yr-rn, rim-rn mmn mmmv, ui-ere~n mrm 3.5

— 3.0

2.0  — 2.5

~~ 2 1 — — — — —— ~— —~~~~o• 5 5
I—

S

—— —

(XL rrn = 2. 5 0. 0 H 150R1 ED)
0. L 4-4-4-4-~4-~ 4414M8~ 4-41444 ~4-4-4-4-4-l ~~~~~~~ ~MM4-4-~ ~444-4-~4- 4-944W 1444-144 944444 14414111 4144444 4-44444~ 44444~ LI. 5

0.0 0.5 1.0 1.5 2.0 2.5 5.0 3.5 11.0 ‘8.5 5.0 5.5 6.0 5.5 7.0
9. r mimi-v mm-nun n-emv ,wernei ri-turn mr-i-en ri-ni-ne, m-mel, rm,m m,uy, rernn-e ~~mimer n ine r-Iur 3.5

3.1 — --—— 3.0

2.0 — —  — 2.5

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 2.0
S

1—
S

~~~ ,~~~~~~~~_ _ __ . . ._ ___, _ _!,_ — 1 .5
I—
C— S

.

~~ 1 . l— —— - — — — —— -~~ — 1 . 0z S
.

IXO. - o =  2.5 a.: 0 M I5CRI ED)
0.1 4141444 1144444 44*444- 144444 4441444 U444414 444444 414444 4444444 1141444 41444144 14414444 4444444 3~5

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 14 •5 5.0 5.5 6.0 6.5 7 .0
TIME SCALED (P15)

Fig. 24.~ O I P OL E  WEST/9 D E N S I T Y
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 ‘8.5 5.0 5.5 6.0 6.5 7.0
9. r ni-i-nm- mn-u? urev,rn rmnurr rnwer ni-i-mm - 

~mew rmme mr-er m i - r n  mnrn intern wmnny rmvi-r 1.5

3.1  — 3.0

2.0  — 2.5

2 2.0 — — 2.0
I-. I

I ~‘.

~ h 0— — — —— — - - - —— ——~~——----~~ 1--—— ———— — — — —— — — ~~~.~
S

~~

‘a-I ()~~ = 3. 01 1. 0 M (SCM ED)
0.0 44144411 1444-4W 4444-441 984444 4444444 414-14-44 44444-9 44-44444 4-4-4-4-4-4-a 9444444 44-4-M4-~~~hh1M844 4-4-4-4W 4-4-4-4-4-k U.S

0.0 0.5 1.0 1.5 2.0 2.5 3 .0  3.5 ~l.0 11 .5 5.0 5.5 6.0 6.5 7.0
3.5 mini-n mm, mi-ri-ri-re mm-i-i-v ri-run-rn mi-rn?, mmnunei i-run-ni- i-nyeue, mm, i-nun-u, mi-mn- ,em-n, mi-nm, “I .5

3.5 — — 3.0

2.5 — —

2 2.0 — — —  
I S
L ~.

~~ 1. 5  —
~~~~~

—
~~ —~~~.5I •S 5C—. •S•~~ •~~ •~~ •‘~~~~

~~~ 
hO  —4- —~~~.oz

(X0. ‘O) = 3.0 0. 0 ~ (SCRI ED)
0.0 ~~4-4-4-4-4- 4-M4-~~~ ~~~~~~~ ~~~~~ ~4-4-4-4-~4-4- 14-44-444 1444144-8 4414441 444441 4-4-4-~4-4~- ~~4-~~4-4-4- 4441441 114-4-444-I 4-4-4-4-4-4-~ U.S
0.0 0.5 1 . 0  1 .5  2 .0 2.5 3.0 3.5 18.0 ‘1.5 5.0 5.5 6.0 6.5 7 0

3.5 rem-ten- mum, mimim- nmrnur run-tm ?nuwm- ri-i-tiny fine r, rirmi, n-nun- nnn,e, ,uni-m-y~ ri-ni-i-ni ,nm, ~3 .5

3.0 — — — 3. 0

2.5 — — —

~~ 2.5~~~~- 
C—. S

S S

~~ 1 . 0 —  
~~~

. S

- -

~ 
1.0 — — — i . o

z

~~~~ 

(XL ~0) 3 - 0 0.~ a ~ (SCRI ED)
0.5 ~4-4-4-~~~ ~~~~~~~ 444-41~ 1U~U444 444-14-14 411444 444W ~~4-4-4-4-4-~ 4-4-~~~~ 444-94 444-4-4-4- 4-4-4-444-4- ~444-44 4444 3.5
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 1.0 18.5 5.0 5.5 8.0 8.5 7 .0

TIME SCALED (P15)

Fig . 24.4 D I P O L E  WEST/9 D E N S I T Y
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 18.5 5.0 5.5 5.0 6.5 7.0
5.1 fern,, rum-nm i-nv,,, men-nm ui-i-nv, rem-i-n n-em, vmn-r ri-rem un-er-i- mi-ten-re, i-mn, ui-i-i-err mi-mr 5.5

— — — 3.0

2 .5— — —  2.5
-4

2. 1 — — 2.0
a:
LU 

1. 0 —  — 1 . 5

a: 
— 1 . 0

cn S

D .S———— — —e- — I-—— — 0.5
.

5
— --—-& — 0 .0

(XL 0 =  2.0! 2. 0 N (5CRI E~ S’ ‘
-0.0 4-4-4-4-~~ 4-4-4-4-~~4- 444-4-1.14 441484 414444-1 444-1444-4 444-44-41 41484814 48441484 4-14-4484- 1814-1444 .144*44 4-4-48414- 444-4-4-4- -.0.5

0.0 0.5 1 . 0  1 . 5  2.0  2 . 5  3 . 0  3 .5  1 .0  1 8. 5  5 .0  5.5  5 .0  6 . 5  1 .0
S • I i-ni-i-en ~i-rnmm n-nm- mmrm i-mu-ri- ui-mu, nm-i-rem, in-en-v nwrn, ri-nun-n ni-nun ri-nm-mm, ,rm-Teur ri-flue? 3.5

5.0 — — 3.0

2. 5 — — 2 .5
—I Se

2. 5 —  — 2 . 0

a: 5 
S

LU 
1. 0 — — 1 .5

a:
1 .1’ — — —- - —  1. 0

U-,

0.0 — 0.5

0 .0  — 0 . 0

(X 0. rO = I . 5’ 1. 0 ,i ISCRI ED)
— 0 . 5  4-4-4-~~~ 4-4-~~4-4-4-~~~~ 4-~~~4- I4-4-4-4-4-4-4- 4-4-4-4-4-~4- ~~~~~~~ ~~~~~~~ 4-4-4-4-4-~4- 4-4-4-4-4-4-4-4- 4-4-4-4-4-4-i ~4-4-4-4-4- 4-4-~ 4-4-4-4-4- 4-4-4-4-4-4-4- 4-4-4-4-4-4-4- -0.5

0 .0  0.5  1 . 0  1 .5  2 . 0  2 .5  5 .0  3.5  11.0 18.5 5 .0  5 .5  6 .0  6 .5  7 .0
3.5 mi-ri-i-n, i-mm- nm-m enu ri-ri-n-n, mimi-i-ri- mum, me-en-n- mm,, ‘mi-rn n-ni-, rrrTeTe~ mr-em ,Trne,- mm,rm 3.5

3.0 — 3.0

2 .5  — 2.5 

— —  2 0a:
a:

Lu 
1 .0  — —  1.5

a:
l . C ~~~~~~~~~~~~~~ — —  1 . 0

(1~ I°• 5—— r ----—— ——- — - — — — — — - — — — - - - — —---- 0.5
0~a:
u.s D.~. — —  0.0

IXO. ‘U) = 1 .51 0. 0 ii 15CR ED)
-0. 5 ~4-4-4-4-4-4- ~~ 4-4 -4 -4-4-~ 4-4-484-4-841 144-44-4-4 844-4114-1 ~4-4-M4-44 - 4-414-84 1444- 4-414-4 4-1444-4-8 4441414-1 1444-44-4-4-4- 14-14-4-4-4 144-4-11111 34-44-4-4-1

0.0 0. 5 1.0 1.5 2.0 2.5 5.0 3.5 18.0 4.5 5.0 5.5 6.0 6.5 7.0
TIME SCALED (MS)

F i g .  2 5 .1  DIP@LE kJEST /9 HYDROSTAT IC OVERPRESSUBE
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0.0 0.5 1.0 1.5 2 .0  2.6 3.0 3.5 11.0 1.5 5.0 5.5 5.0 1.5 1.0
3. ~ nm-n em-rev mmmi si-nm ,n,m, mi-rn yrneven m i-ni-, inemr mnum,u i-mm m mii ,, emrn ui-rn, 3.5

3 . 5— — —  3.0

2 . 5— — — 2.5

2 .0— — — 2.0

Lu hE — — — — — - — —- — —— —————— ——-— ——— — —-—— —-— 1.5
a:

1. 0 —  — 8 .0
In S 

— 0.5
0-. 5555 

— 0.0 —

cx c . in= 2.0 1.’ 0 p, 15CR’ to —

—0. ~ 14144-U 4-14444-II 444-4-414- 4448114 U4444 444114 44114-41 4-4-4144 M1M4-9 ~4-4-4-4-44* 4-4-114-44 8144-1444- 1444*4 8444-144 -0.5
0.0 0 S  1.0 1.5 2.0 2~S 3.0 3.5 18.0 11.5 5.0 5.5 6.0 6.5 7.0

3. E~ mini-rn ni-me, n,rwm i-i-ni-mm-n m,rnmm rumm mu-run, ri-mn, ni-i-Tee, rn-i-em i-i-er-mel ui-rem mi-i-nI mm,,, 3.5

5.0 — — 3.0

2 . 0— —  — 2.5.
__ S

2.0 — — 2.0
a: .

Lu 1. 0 — 1.5
a: 

— 1.0
C,, S 

— 0.5

a- I 
0.0

ixo . -
~~~~ = 2 . 0 0. 0 N (SCRI ED)

14444-44 184844-4-4 444-4-444 U4-.4--&4-.1 1444-444-4- 44-444-41 4444-1*4-4 444-4-4*4 4444444- 4-1144-44 4-4444444 4-144*44- 1444-4-441 14414-4-4 . Q 5
0.0 0.5 1. 13 1.5 2 .0 2.5 3 .0 3.5 18.0 1~.5 5.0 5.5 5.0 6.5 7.0

5.5 ri-mi-rn yvi-emi tin-rn ye-rem, ri-mm en,, ri-i-i-men - mi-i-rn,- mn —rue rnrnr mi-rem i-mi-er mi-rn,,, i-en-ni 3.5

5.5 — — 5.0

2.5 — — 2.5
— S

2.5 — — 2.0
a:
LU 1 .5  — — 1.5
a: 

— 1.0
(1,

0.0 — — 0.5
a-

0.C — — 0.0
(XU . -

~~~~ = 2 .0 0. : 0 ti (SCRI ED)
— 0.5 144414-4 144444-4- 4-4-4-4-4-4--4- 4-4-4-4-4-4- 4-4-4-4-4-4-4- *44-4-44 4-4-4-4-4-a 4-4-4444 4-4WU 4-4-4-4-4-94 4-4-4-4-4-4-4- 4-4-4-4-4-4-4- 844-4-4-4-4-4- 4-4-4-4-~4-4- -0.5

0.0 0.5 h O  1.5 2.0 2.5 3.0 3.5 11.0 11 .5  5.0 5.5  5.0 5 .5 7.0
— TIME SCALED (MS)

Fig. 2 5 . 2  O IP~~~LE WEST/9 H Y D~~~@ S TR TI C  O V E A P R E S S U R E
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 I 8.0 I J • 5 5.0 5.5 6.0 6.5 7.0
S • F nunm mi-ni, run-em ni-urn rneum len-ni-v rn -em mm,,, mi-mi-mi ,rei-nm in-mm mum ui-i-mm mn, 3.5

3.0 — 3.0

2.0 — 2.5

2.0 — 2.0

Li ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 8 . 5
a: S

3 .0 — 1.0
S
..

a: 0 .0 — 0.S
S,

LU 0.C~~~~ r —— — —— —  0.0
x~. -o, = 2.5 1.’ 0 ii I5CRI ED) ‘4-

-0.0 14-4-4144 8448444-4 9414-444 *14-4-444 111-4*4-44- 444441- 11*48144- 44&4-~411 4-4-4-44-4-4- 4-4-4-4-4-4-4 444-4-4-4- 4-4-4-4-4-4-4- 4-4-4-4-4-4-4- 4-4-~4-4-~~ -0.5
0.0 0.5 1.0  1.5 2 .0  2.5 3.0 3.5 ‘8.0 18.5 5.0 5.5 6.0 5.5 7.0

3.5 mi-mi-nt ,mmeuul, re-i-Ti-my, i-m-nyi-nr rmei-i-e mi-nt mi-mm ri-mi-erem men-er inn-nm imnmer inn-err i-i-mn- mi-i-em- 3.5

3.0 — 3.0

2.5 — 2.5

2 .0 — — — — —  - — — 2 . 0
. 5 

— I SLi-a 5
a:

C F _ _ __ ~. __.._ _ _S 
—

In
U, 

— 0.5
a.. 5 5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0.0
(XL ‘U) = 2. 5 0. 0 ii (SCRI ED)

—0. 0 ~4-444-4-4- 44-44444- 4-4-4 -4-4-4-4-4- 444-4-4-4-4- 1444-4-44-1 14-~14441 184-4-444-4 4-4-4-4-4-4-4- 4-4-4-4-4-4-4- 944-4-4-a 1-4-4-4-4-4-4- 144-44-4-44- 4-4-1.4411 I4-4-4-4-4-4- -0.5
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 ‘1.5 5.0 5.5 6.0 6.5 7.0

,. r reermnT re-i-nil i-mi-rn, ni-i-ni-el re-ri-em Ti-en-,, irene, ui-tern mi-eu, i-nm, nemnr ni-em ,er,n-r mm-ne-en- 3 .5 

— 3.0 

— 2.5

2 . l — — —— — —- -~.— — 2 .0
a: •

LU 1. 0 — — —  — 1.5
a: 

— 1.0
In 

— 0.6
a..

0 . l —— — — —— - -— — — ’-~- - — — — —— —  0 .0
IXO. ~)= 2.5 0. 0 P1 ISCRI E0)

—0. L 4-~4-4-4-1- 141444-I 4-444444 14-44441 4444444 44-444-45 144-444-14- 4-44-4-4-4-9 14-4-14-44-4-1 1434-444- 14144-Ill 4-44-4-44-11 4-44-44-45 14444-411 — 0.5
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 1.0 18 .5  5.0 5.5 5.0 5.5 7.0

TIME SCALED (MS)

Fig. 25.3 DIP~’LE WEST/9 H Y D R O S T A T I C  O V E A PRE S S U R E
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 18.0 ‘8.5 5.0 5.5 5.0 5.6 7.0
3.5 ri-ye-mm-i- u-n-mum ri-i-i-mum, i-me-n-mn 1-i-rem en,11 mn-n-ui mi-n-e- rein-ni nmum euiim~ nil-mi-u mi-rn. rn-nm. 3.5

3.5 — —  — 3.0

2 .5 — — 2 . 5

2 .5 — — 2. 0
a:

1.5 — — 1 . 5

a: S t

i _ _ c — — . ---
~
- . — — — —— —  1.0

4_n 5
,

S0.5 — —. — —— — — —  0.5
S Sa-. 5 5 5 5

a: ~~~~ s s 5  

x o .  -
~~~ 3. 0 1. 0 N ~5CRI ED)4-4-4-4-4-i 4-4-4-4-1~4-4-~ .LW.881 4-.~4-J.4-4-4- 4-4-4-14~4-4- 4-444-4-4- 144414-4-4-4- 4-4-4-1.4-1.1 L41~&4-hi~l 4-4-~4-~ 4-4-4- 1.84-4-4.44- 114-4-4-14.88 ~4-4-4-4-4-•4-~•~ ~ 4--4-4-4-4-~ -0 .5

13.0 0.5 1.0 1.5 2.0 2.5 3.0 3 .5  1 8. 0  18.5 5 . 0  5.5 5 .0  6 .5  7.0
s. r ri-el-re-i- mm,, -m i-u-,-, mu-n-i- rrnm-, mn-m-r mmmii n-t1m mel-mn rern,n u-n-mum rn-men-n n-n-me-P. rmm. 3.5

5.0 — — 3.0

2.0 — — 2.5

2.0 — — 2.0
a:

1.0 — — 1.5LI_I
a:

1.tJ - - -- -——-- — 1.0

-~~ ::III 1II II E~I~~~I:ixo . rw = 3.0 0. 0 N t55n1 ED)
— 0. 5 ~ 4-~ 4-~4- ~~~~~~~~ ~~~~~~~~ ~4-4-4-l4-~4- 44*144-1. 4-14-441. 4448414 4444441 14444141 4-34-414-4 43414-44 4-44-4-4-44- ~4-~~~~~4- 14-34-4-41 -0 .5

0 0  13. 5 1 . 0  1.5 2.0 2.5 3.0 3.5 18 .0 18 .5  5.0 5.5 6.0 6.5 7.0
S • 0 ui-ui-u, ii-u-eemer r,m,ewr n,nim re,eeeeu ever,,, ri-i-i-men -~~~~~~~~~ ni-ui-i-er i-vie-urn mi-ui-net ri-i-eu-ne, -eyn-,re-. reu-n,y 3 • 5

3.0 — 3 .0

2.0 — 2.5

2.1 — — 2.0
a:

1. 0 —  — — — — — — ——  1.5L~.a
a: 4- 5 5

1.0 — ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 .0
U 5 5

5~~ S. S SLU  —a:
a-

0.1 — — — — — — —0.0
L~ D. rO) = 3. 0 0.: 0 N (SCRI ED)

— 0.0 11444-4-4 4-444414-4- 4-44444 14448411 11411444 444$444-1 4-444-444- 4844-444 9444411 444444 4-8444114- 4-84444 44444W 4-4-~4-4-~ -U.S
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 11.0 1.5 5.0 5.5 6.0 5 . 5  7.0

TIME SCALED (MS)

Fig. 2 5 . 4  DIPOLE WEST/9 HYOF iOSTAT IC OVERPRESSURE
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 ‘L.O 18 .5 5.0 5.5 6.0 6.5 7.0
3. (~ -rem rm,-rmn-t tn-n-n- tel-I-mm tm-met ri-mi-ui i-i-u-mt me-met -ru-tm, nine-n ri-u-ni-me mn-u-t m,nmu -run-ti- 3.0

2.0 — — —-— 2. 5

2.5 — — —2 . 0

1 .0 — — —  1.5
U

4—4 — — —
I— • 5

a:
a: — — 0_ s

o. c — — — - — — —  ~~~~~~~~~~~~~~~~~~ — — 1 3.0

(XC , ~~ = 2.0 2. 0 81 (5CR ED)
—

~~ 5 4.11.1.1 .11 4.4-444-4-4-. LLULU. 144.1.44.18 4844.1.81. L&LLILU .1.134-ILL U.LUIJ.J .4-4-4-4.4--li. L4-.1L4.LL 1444-1.4-4-4 .I~4-~4-.L&_I_I. LLL4-J.L4-.I 4.1.1184- - 1 • 0
0.0 0.5 1.0 1.5 2.0 2.5 5.0 5.5 18.0 11.5 5.0 5.5 5.0 5.5 7.0

3. C men-ni-i u-mi-mt rerenni Tell-miT ri-men, -Tm-mn u-mum -n-ri-u-ni u-ni—i- ru-ne-em i-mn-ui-r ru-mu-u-i, •rn-v-m-ru- n-n-rn 3.0
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